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ɉɊɂɅȿɉȿɐ, ɊȿɉɍȻɅɂɄȺ ɆȺɄȿȾɈɇɂЈȺ 
 
Ɍеɧа Шијакɨва-Иваɧɨва1, Вɨјɨ Миɪчɨвɫки1,  
Виɨɥеɬа Сɬефаɧɨва1, Оɥивеɪ Каɪевɫки1 
1ɍɧɢвɟɪɡɢɬɟɬ “Ƚɨцɟ Дɟɥɱɟв”, Ɏаɤɭɥɬɟɬ ɡа ɩɪɢɪɨɞɧɢ ɢ ɬɟɯɧɢɱɤɢ ɧаɭɤɢ,  
Иɧɫɬɢɬɭɬ ɡа ɝɟɨɥɨɝɢја, Шɬɢɩ, Р. Маɤɟɞɨɧɢја 
 
Ⱥɛɫɬɪɚɤɬ: Вɨ ɨɜɨј ɬɪɭɞ ɫɟ ɩɪɟɡɟɧɬɢɪɚɧɢ ɦɢɧɟɪɚɥɨшɤɢɬɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɝɪɚɧɚɬɢɬɟ  
ɨɞ ɫɟɥɨ Пɪɢɥɟɩɟц, Рɟɩɭɛɥɢɤɚ Мɚɤɟɞɨɧɢјɚ. Ƚɪɚɧɚɬɢɬɟ ɫɟ ɥɨцɢɪɚɧɢ ɢɫɬɨɱɧɨ ɨɞ ɫɟɥɨɬɨ 
Пɪɢɥɟɩɟц ɜɨ ɦɢɤɚшɢɫɬɧɢɬɟ ɤɚɪɩɢ ɤɨɢ ɢɦɚɬ ɥɟɩɢɞɨɛɥɚɫɬɢɱɧɚ ɫɬɪɭɤɬɭɪɚ ɢ шɤɪɢɥɟɫɬɚ 
ɬɟɤɫɬɭɪɚ. Сɟ ɩɨјɚɜɭɜɚɬ ɜɨ ɫɢɬɧɢ ɪɨɦɛɞɨɞɟɤɚɟɞɚɪɫɤɢ ɤɪɢɫɬɚɥɢ ɫɨ ɝɨɥɟɦɢɧɚ ɞɨ 1 цɦ. Пɨ 
ɛɨјɚ ɫɟ ɬɟɦɧɨцɪɜɟɧɢ ɞɨ ɤɚɮɟјɚɜɨ цɪɜɟɧɢ. Сјɚјɧɨɫɬɚ ɢɦ ɟ ɫɬɚɤɥɚɫɬɚ. Ɍɜɪɞɢɧɚɬɚ ɟ 7-7½ . 
Ƚɭɫɬɢɧɚɬɚ ɢɡɧɟɫɭɜɚ  4.318 Р/ɫm3. Oɩɬɢɱɤɢ ɫɟ ɢɡɨɬɪɨɩɧɢ  ɦɢɧɟɪɚɥɢ. Иɧɞɟɤɫɨɬ ɧɚ 
ɩɪɟɤɪшɭɜɚњɟ ɟ n = 1.83. Дɨɛɢɟɧɢɬɟ ɪɟɡɭɥɬɚɬɢ ɨɞ ɪɟɧɞɝɟɧɫɤɨ ɞɢɮɪɚɤцɢɨɧɢɬɟ 
ɢɫɩɢɬɭɜɚњɚ ɢ ɯɟɦɢɫɤɚɬɚ ɚɧɚɥɢɡɚ ɩɨɬɜɪɞɭɜɚɚɬ ɞɟɤɚ ɢɫɩɢɬɭɜɚɧɢɬɟ ɝɪɚɧɚɬɢ ɫɟ 
ɚɥɦɚɧɞɢɧ. Сɨɞɪɠɢɧɚɬɚ ɧɚ ɚɥɦɚɧɞɢɧɫɤɚɬɚ ɤɨɦɩɨɧɟɧɬɚ ɟ ɫɟ ɞɜɢɠɢ ɨɞ 74.986% ɞɨ 
79.4206%.  
 
Ʉɥɭɱɧɢ ɡɛɨɪɨɜɢ: ɝɪɚɧɚɬ, ɚɥɦɚɧɞɢɧ, ɤɪɢɫɬɚɥ. 
 
MINERALOGICAL CHARACTERISTIC OF GARNETS FROM 
PRILEPEC, REPUVBLIC OF MACEDONIA 
 
Tena Sijakova-Ivanova1, Vojo Mircovski1, Violeta Stefanova1, Oliver Karevski1 
1University “Goce Delcev”, Faculty of Natural and Technical Sciences,  
Institute of geology, Stip, R. Macedonia 
 
Abstract: This paper gives mineralogical characteristics of garnets from village  Prilepec, R. 
Macedonia. Several samples were collected for research. The results of the X-ray powder 
pattern and chemical analysis enable straightforward identification of the studied mineral 
sample as almandine. Almandine  is located east of village  Prilepec in micashist rocks 
which have lepidoblastic structure and schistose texture. Generally occurs as anhedral to 
subhedral crystals in matrix. Appear in rounded dodecahedra grains. Almandine  is 
transparent to translucent. Lustre is vitreous or sub-vitreous. Hardness is  7-7½ while density 
is  4.318 Р/ɫm3.The colour is darkred or brownred.  
 
Key words: garnet, almandine, crystal 
 
ȼɈȼȿȾ 
 
Иɫɬɨɱɧɨ ɨɞ ɫɟɥɨɬɨ Пɪɢɥɟɩɟц ɜɨ ɦɢɤɚшɢɫɬɧɢɬɟ ɤɚɪɩɢ ɤɨɢ ɢɦɚɬ ɥɟɩɢɞɨɛɥɚɫɬɢɱɧɚ 
ɫɬɪɭɤɬɭɪɚ ɢ шɤɪɢɥɟɫɬɚ ɬɟɤɫɬɭɪɚ ɟ ɨɞɪɟɞɟɧɨ ɩɪɢɫɭɫɬɜɨ ɧɚ ɝɪɚɧɚɬɢ. Мɢɤɚшɢɫɬɧɢɬɟ 
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ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ 
ɉɈȾȿɄɋ – ɉɈȼȿɄɋ ’15 
Ʉɪɭɲɟɜɨ 
13 ÷ 15. 11. 2015 ɝɨɞ. 
 
16 
 
ɤɚɪɩɢ ɫɟ ɩɪɢɫɭɬɧɢ ɜɨ ɝɧɚјɫɧɨ ɦɢɤɚшɢɫɬɧɚɬɚ ɫɟɪɢјɚ ɤɨјɚ ɝɨ ɩɪɟɬɫɬɚɜɭɜɚ ɞɨɥɧɢɨɬ ɞɟɥ ɧɚ 
ɩɪɟɤɚɦɛɪɢɫɤɢɨɬ ɤɨɦɩɥɟɤɫ ɢ ɟ ɢɡɝɪɚɞɟɧɚ ɨɞ ɝɧɚјɫɟɜɢ, ɦɢɤɚшɢɫɬɢ, ɚɦɮɢɛɨɥɢɬɢ ɢ 
ɚɦɮɢɛɨɥɢɬɫɤɢ шɤɪɢɥцɢ. Ƚɧɚјɫɟɜɢɬɟ ɫɟ ɞɨɦɢɧɚɧɬɟɧ ɥɢɬɨɥɨшɤɢ ɱɥɟɧ ɜɨ ɫɟɪɢјɚɬɚ ɢ ɫɟ 
ɡɚɫɬɚɩɟɧɢ ɫɨ ɨɤцɟɫɬɨ ɚɦɢɝɞɚɥɨɢɞɧɢ  ɞɜɨɥɢɫɤɭɧɫɤɢ, ɬɪɚɤɚɫɬɢ ɦɭɫɤɨɜɢɬ ɛɢɨɬɢɬɫɤɢ ɢ 
ɬɪɚɤɚɫɬɢ ɦɭɫɤɨɜɢɬɫɤɢ ɝɧɚјɫɟɜɢ. Пɨɫɬɚɧɨɤɨɬ ɧɚ ɝɧɚјɫɟɜɢɬɟ ɟ ɜɪɡɚɧ ɡɚ ɪɟɝɢɨɧɚɥɧɢɨɬ 
ɦɟɬɚɦɨɪɮɢɡɚɦ ɧɚ ɩɟɥɢɬɫɤɨ – ɩɫɚɦɢɬɫɤɢ ɫɟɞɢɦɟɧɬɢ ɢ ɦɟɬɚɫɨɦɚɬɫɤɢɬɟ ɩɪɨцɟɫɢ 
ɩɨɜɪɡɚɧɢ ɫɨ ɢɧɬɪɭɡɢјɚɬɚ ɧɚ Пɟɥɚɝɨɧɢɫɤɢɬɟ ɝɪɚɧɢɬɨɢɞɢ. Мɢɤɚшɢɫɬɢɬɟ ɫɟ ɪɚɡɜɢɟɧɢ ɜɨ 
ɪɚɡɥɢɱɧɢ ɯɨɪɢɡɨɧɬɢ ɧɚ ɫɟɪɢјɚɬɚ  ɜɨ ɬɪɚɤɢ ɨɞ ɧɟɤɨɥɤɭ ɦɟɬɪɢ  ɩɚ ɞɨ ɦɚɫɢ ɞɟɛɟɥɢ ɢ ɞɨ 
ɧɟɤɨɥɤɭ ɫɬɨɬɢɧɚ ɦɟɬɪɢ. Кɚɤɨ ɬɟɧɤɢɬɟ ɬɚɤɚ ɢ ɩɨɞɟɛɟɥɢɬɟ ɦɚɫɢ ɯɨɪɢɡɨɧɬɚɥɧɨ ɢ 
ɜɟɟɪɬɢɤɚɥɧɨ ɩɨɫɬɟɩɟɧɨ ɩɪɟɦɢɧɭɜɚɚɬ  ɜɨ ɝɧɚјɫɟɜɢɬɟ. Вɪɡ ɨɫɧɨɜɚ ɧɚ ɦɢɧɟɪɚɥɨшɤɢɨɬ 
ɫɨɫɬɚɜ ɫɟ  ɢɡɞɜɨɟɧɢ: ɝɪɚɧɚɬ-ɫɬɚɭɪɨɥɢɬɫɤɢ, ɝɪɚɧɚɬ-ɞɢɫɬɟɧɫɤɢ ɢ ɝɪɚɮɢɬɢɱɧɢ ɦɢɤɚшɢɫɬɢ.  
Ƚɪɚɧɚɬ ɞɢɫɬɟɧɫɤɢɬɟ ɦɢɤɚшɢɫɬɢ ɫɟ ɤɪɭɩɧɨ ɥɢɫɤɭɧɨɜɢɬɢ, ɞɨɫɬɚ ɭшɤɪɢɥɟɧɢ, ɧɚɛɪɚɧɢ ɞɨ 
ɩɥɢɫɢɪɚɧɢ. Иɡɝɪɚɞɟɧɢ ɫɟ ɨɞ ɦɭɫɤɨɜɢɬ, ɤɜɚɪц, ɚɥɦɚɧɞɢɧ ɢ ɤɢjɚɧɢɬ (ɞɢɫɬɟɧ). 
Мɢɧɟɪɚɥɧɚɬɚ ɚɫɨцɢјɚцɢјɚ ɤɨјɚ ɫɟ јɚɜɭɜɚ ɜɨ ɩɪɟɤɚɦɛɪɢɫɤɢɬɟ ɤɚɪɩɢ ɭɤɚɠɭɜɚ ɞɟɤɚ ɫɟ 
ɪɚɛɨɬɢ ɡɚ ɦɟɬɚɦɨɪɮɢɬɢ ɨɛɪɚɡɭɜɚɧɢ ɜɨ ɭɫɥɨɜɢ ɧɚ ɚɦɮɢɛɨɥɢɬɫɤɚɬɚ ɮɚцɢјɚ ɨɞɧɨɫɧɨ ɜɨ 
ɭɫɥɨɜɢ ɧɚ ɫɬɚɭɪɨɥɢɬ-ɚɥɦɚɧɞɢɧɫɤɚɬɚ ɫɭɛɮɚцɢјɚ ɧɚ ɚɥɦɚɧɞɢɧ ɚɦɮɢɛɨɥɫɤɚɬɚ ɮɚцɢјɚ ɧɚ 
Бɚɪɨɭ ɦɟɬɚɦɨɪɮɢɡɚɦɨɬ. (Сɬɨјɚɧɨɜ 1960, 1967). 
ɇɚ ɫɥɢɤɚ 1 ɟ ɞɚɞɟɧɚ ɝɟɨɥɨшɤɚɬɚ ɤɚɪɬɚ ɧɚ ɫɟɥɨ Пɪɢɥɟɩɟц ɢ ɨɤɨɥɢɧɚɬɚ 
 
 
1.  2. 
 
3.  4.  
5.  
6.  
7. 
 1.Аɥɭɜɢɭɦ; 2.Пɪɨɥɭɜɢɭɦ; 3.Мɚɫɢɜɧɢ ɫɪɟɞɧɨ ɞɨ ɤɪɭɩɧɨ ɡɪɧɟɫɬɢ ɞɢɨɪɢɬɢ; 
4.Аɦɮɢɛɨɥɢɬɢ;ɢ ɚɦɮɢɛɨɥɫɤɢ шɤɪɢɥцɢ; 5.Ƚɪɚɧɚɬ ɞɢɫɬɟɧɫɤɢ ɦɢɤɚшɢɫɬɢ; 6.Ɍɪɚɤɚɫɬɢ 
ɦɭɫɤɨɜɢɬɫɤɢ ɝɧɚјɫɟɜɢ; 7.Ɍɪɚɤɚɫɬɢ ɦɭɫɤɨɜɢɬ ɛɢɨɬɢɬɫɤɢ ɝɧɚјɫɟɜɢ 
ɋɥɢɤɚ 1. Ƚɟɨɥɨшɤɚ ɤɚɪɬɚ ɧɚ  ɫ.Пɪɢɥɟɩɟц ɢ ɨɤɨɥɢɧɚɬɚ 
 
 1. ɊȿɁɍɅɌȺɌɂ ɂ ȾɂɋɄɍɋɂЈȺ 
 
Ƚɪɚɧɚɬɢɬɟ ɝɨ ɞɨɛɢɥɟ ɢɦɟɬɨ ɨɞ ɥɚɬɢɧɫɤɢɨɬ ɡɛɨɪ granatum - ɡɪɧɨ. 
Оɩшɬɢɨɬ ɫɨɫɬɚɜ ɧɚ ɦɢɧɟɪɚɥɢɬɟ ɨɞ ɨɜɚɚ ɝɪɭɩɚ ɫɩɨɪɟɞ Geller, S. (1967)ɦɨɠɟ ɞɚ ɫɟ 
ɢɡɪɚɡɢ ɫɨ ɫɥɟɞɧɚɜɚ ɮɨɪɦɭɥɚ: R2 +3 R3+2 (SiO4)3   
Winchell (1933) ɝɪɚɧɚɬɢɬɟ ɝɢ ɞɟɥɢ ɜɨ ɞɜɟ ɝɪɭɩɢ ɩɢɪаɥɫɩɢɬɢ ɢ ɭɝɪаɧɞɢɬɢ. 
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Вɨ ɝɪɭɩɚɬɚ ɧɚ ɩɢɪаɥɫɩɢɬɢ ɫɟ: ɩɢɪɨɩ MР3Al2(SiO4)3, ɚɥɦɚɧɞɢɧ FО3Al2(SiO4)3, ɫɩɟɫɚɪɬɢɧ        
Mn3Al2(SiO4)3, ɞɨɞɟɤɚ ɜɨ ɝɪɭɩɚɬɚ ɧɚ ɭɝɪаɧɞɢɬɢ: ɭɜɚɪɨɜɢɬ CК3Cr2(SiO4)3,  ɝɪɨɫɭɥɚɪ  
Ca3Al2(SiO4)3 ɢ  ɚɧɞɪɚɞɢɬ   CК3Fe2(SiO4)3. Ƚɪɚɧɚɬɨɬ ɨɞ ɨɤɨɥɢɧɚɬɚ ɧɚ ɫ. Пɪɢɥɟɩɟц ɫɟ јɚɜɭɜɚ ɜɨ ɪɨɦɛɞɨɞɟɤɚɟɞɚɪɫɤɢ ɤɪɢɫɬɚɥɢ ɫɨ 
ɝɨɥɟɦɢɧɚ ɞɨ 1цɦ. Пɨ ɛɨјɚ ɟ  ɬɟɦɧɨ цɪɜɟɧ ɞɨ ɤɚɮɟјɚɜɨцɪɜɟɧ. (ɫɥɢɤɚ 2). Цɪɜɟɧɚɬɚ ɛɨјɚ ɟ 
ɪɟɡɭɥɬɚɬ ɧɚ ɩɪɢɫɭɫɬɜɨɬɨ ɧɚ ɠɟɥɟɡɨ. Фɢɡɢɱɤɢɬɟ ɫɜɨјɫɬɜɚ ɧɚ ɝɪɚɧɚɬɢɬɟ ɫɟ ɨɞɪɟɞɟɧɢ ɨɞ 
Skinner, B. J. (1956). Сјɚјɧɨɫɬɚ ɟ ɫɬɚɤɥɚɫɬɚ. Оɝɪɟɛɨɬ ɟ ɛɟɥ. Ɍɜɪɞɢɧɚɬɚ ɟ 7-7½ . 
Ƚɭɫɬɢɧɚɬɚ ɢɡɧɟɫɭɜɚ  4.318 Р/ɫm3. Кɪɢɫɬɚɥɢɡɢɪɚ ɜɨ ɬɟɫɟɪɚɥɧɚ ɫɢɫɬɟɦɚ ɜɨ ɤɥɚɫɨɬ   m3m 
(4/m 3 2/m). Дɢɦɟɧɡɢɢɬɟ ɧɚ ɟɥɟɦɟɧɬɚɪɧɚɬɚ ɤɟɥɢјɚ ɫɟ: a = 11.526, Z = 8; V = 1531.21. 
Сɬɪɭɤɬɭɪɚɬɚ ɧɚ ɝɪɚɧɚɬɢɬɟ ɟ ɨɞɪɟɞɟɧa ɨɞ ɫɬɪɚɧɚ ɧɚ ГОmКnn, (1962) ɢ  GОllОr, (1967). 
Oɩɬɢɱɤɢ ɟ ɢɡɨɬɪɨɩɟɧ ɦɢɧɟɪɚɥ. Оɩɬɢɱɤɢɬɟ ɫɜɨјɫɬɜɚ ɧɚ ɧɟɤɨɢ ɮɟɪɢɦɚɝɧɟɬɢɱɧɢ ɝɪɚɧɚɬɚ 
ɫɟ ɨɞɪɟɞɟɧɢ ɨɞ  ɫɬɪɚɧɚ ɧɚ  Dillon, J. F., JR. (1958) Иɧɞɟɤɫɨɬ ɧɚ ɩɪɟɤɪшɭɜɚњɟ ɟ n = 1.83. 
Ƚɥɚɜɧɢ ɪɟɮɥɟɤɫɢɢ: 2.569 (100), 1.540 (50), 2.873 (40), 1.599 (40), 4.04 (30), 1.866 (30), 
1.660 (30). Хɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɧɚ ɝɪɚɧɚɬɨɬ ɨɞ Пɪɢɥɟɩɟц ɟ ɞɚɞɟɧ ɜɨ ɬɚɛɟɥɚ 1. 
 
 ɋɥɢɤɚ 2. Кɪɢɫɬɚɥɢ ɧɚ ɚɥɦɚɧɞɢɧ ɨɞ ɫ. Пɪɢɥɟɩɟц 
 
Ɍɚɛɟɥɚ 1. Хɟɦɢɫɤɢ ɫɨɫɬɚɜ ɧɚ ɝɪɚɧɚɬɨɬ ɨɞ ɨɤɨɥɢɧɚɬɚ ɧɚ ɫ. Пɪɢɥɟɩɟц 
 1 2 3 
SiO2 36.62 35.22 36.01 
TiO2 0.27 0.19 0.15 
Al2O3 20.87 23.42 21.97 
FeO 34.51 35.11 34.18 
MnO 1.70 1.57 2.10 
MgO 4.20 3.91 4.93 
CaO 0.24 0.32 0.38 
Total 98.41 99.74 99.72 
    
TSi 5.965 5.646 5.755 
TАl 0.035 0.354 0.245 
SumT 6.000 6.000 6.000 
AlVI 3.969 4.067 3.870 
Ti 0.033 0.023 0.018 
SumA 4.002 4.090 3.908 
Fe 4.701 4.707 4.568 
Mg 1.020 0.934 1.175 
Mn 0.235 0.213 0.284 
Ca 0.042 0.055 0.065 
SumB 5.998 5.910 6.092 
Alm 78.385 79.420 74.986 
Gross 0.698 1.217 1.068 
Pyro 17.005 15.766 19.280 
Spess 3.911 3.597 4.666 
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Оɞ ɬɚɛɟɥɚ 1 ɦɨɠɟ ɞɚ ɫɟ ɜɢɞɢ ɞɟɤɚ ɢɫɩɢɬɭɜɚɧɢɨɬ ɝɪɚɧɚɬ ɟ ɚɥɦaɧɞɢɧ. Сɨɞɪɠɢɧɚɬɚ ɧɚ  
ɚɥɦɚɧɞɢɧɫɤɚɬɚ ɤɨɦɩɨɧɟɧɬɚ ɫɟ ɞɜɢɠɢ ɨɞ 74.986% ɞɨ 79.4206%. Аɥɦɚɧɞɢɧɨɬ ɢɦɟɬɨ ɝɨ 
ɞɨɛɢɥ ɫɩɨɪɟɞ ɝɪɚɞɨɬ Аɥɚɛɚɧɞɚ ɜɨ Ɍɭɪцɢјɚ.  
Оɫɜɟɧ ɯɟɦɢɫɤɢ ɝɪɚɧɚɬɨɬ ɨɞ Пɪɢɥɟɩɟц ɟ ɨɞɪɟɞɟɧ ɢ ɪɟɧɞɝɟɧɫɤɢ. Рɟɧɞɝɟɧɫɤɢɬɟ 
ɢɫɩɢɬɭɜɚњɚ ɫɟ ɢɡɜɪшɟɧɢ ɫɨ ɞɢɮɪɚɤɬɨɦɟɬɚɪ Shimadzu, XRD 6100. Оɜɨј ɢɧɫɬɪɭɦɟɧɬ ɟ 
ɨɩɪɟɦɟɧ ɫɨ ɚɜɬɨɦɚɬɫɤɢ ɩɪɟɛɚɪɭɜɚɱ/ɫɩɨɪɟɞɛɟɧ ɫɨɮɬɜɟɪ ɤɚɤɨ ɫɬɚɧɞɚɪɞ ɡɚ ɤɜɚɥɢɬɚɬɢɜɧɚ 
ɚɧɚɥɢɡɚ. Кɨɪɢɫɬɟɧɚ ɟ ICDD (IntОrnКtionКl CОntОr for DiffrКМtion DКtК) ɛɚɡɚ ɧɚ ɩɨɞɚɬɨцɢ ɢ 
PDF2 ɫɨɮɬɜɟɪ –ɩɪɟɛɚɪɭɜɚɱ.Сɧɢɦɚњɟɬɨ ɟ ɜɪшɟɧɨ ɩɪɢ ɫɥɟɞɧɢɜɟ ɭɫɥɨɜɢ:  
 -ɭɩɨɬɪɟɛɟɧɨ ɟ Cukα ɡɪɚɱɟњɟ,  
-ɧɚɩɨɧɨɬ ɧɚ цɟɜɤɚɬɚ ɢ ɫɬɪɭјɚɬɚ ɟ 40 (kV) ɢ 30(mA)  
- theta-2tСОtК (ɫɬɟɩɟɧɢ) 5000-80 000, 
-ɛɪɡɢɧɚ (ɫɬɟɩɟɧ / ɦɢɧ) 2,00/0,100, 
- ɨɞɪɟɞɟɧɨ ɜɪɟɦɟ (ɜɨ ɫɟɤɭɧɞɢ) 0.12. 
ɇɚ ɫɥɢɤɚ 3 ɟ ɞɚɞɟɧ ɪɟɧɞɝɟɧɨɝɪɚɦ  ɧɚ ɤɨј ɫɢɬɟ ɞɨɛɢɟɧɢ ɪɟɮɥɟɤɫɢɢ ɫɟ ɜɨ ɩɨɬɩɨɥɧɚ 
ɫɨɝɥɚɫɧɨɫɬ ɤɚɤɨ  ɩɨ ɢɧɬɟɧɡɢɬɟɬ ɬɚɤɚ ɢ ɩɨ d ɜɪɟɞɧɨɫɬɢ ɫɨ ɥɢɬɟɪɚɬɭɪɧɢɬɟ ɩɨɞɚɬɨцɢ ɡɚ 
ɚɥɦɚɧɞɢɧ  ɢ ɫɨ ɩɨɞɚɬɨцɢɬɟ ɨɞ JCPDS ɫɬɚɧɞɚɪɞ  00 033 0658.  
 
 ɋɥɢɤɚ 3. Рɟɧɞɝɟɧɨɝɪɚɦ  ɧɚ ɚɥɦɚɧɞɢɧ ɨɞ ɫ. Пɪɢɥɟɩɟц 
 
Аɥɦɚɧɞɢɧɨɬ ɟ ɦɟɬɚɦɨɪɮɟɧ ɦɢɧɟɪɚɥ ɤɨј ɩɨɫɬɚɧɭɜɚ ɫɨ ɪɟɝɢɨɧɚɥɟɧ ɦɟɬɚɦɨɪɮɢɡɚɦ. Сɟ 
ɫɪɟќɚɜɚ ɜɨ ɤɪɢɫɬɚɥɟɫɬɢ шɤɪɢɥцɢ, ɝɧɚјɫɟɜɢ ɢ ɦɢɤɚшɢɫɬɢ. Ƚɪɚɧɚɬɢɬɟ ɛɨɝɚɬɢ ɫɨ 
ɚɥɦɚɧɞɢɧɫɤɚ ɤɨɦɩɨɧɟɧɬɚ ɬ.ɟ. ɚɥɦɚɧɞɢɧɢɬɟ ɫɟ ɜɚɠɧɢ ɝɟɨɬɟɪɦɨɦɟɬɪɢ ɢ ɝɟɨɛɚɪɨɦɟɬɪɢ ɡɚ 
ɜɢɫɨɤɨ ɬɟɦɩɟɪɚɬɭɪɧɢɬɟ ɦɟɬɚɦɨɪɮɧɢ ɤɚɪɩɢ. Robert C. Newton,  Daniele Harlov (1993).  
Аɥɦɚɧɞɢɧɨɬ ɦɨɠɟ ɞɚ ɫɟ ɤɨɪɢɫɬɢ ɜɨ јɭɜɟɥɢɪɫɬɜɨɬɨ ɡɚ ɢɡɪɚɛɨɬɤɚ ɧɚ ɧɚɤɢɬ ɩɨɪɚɞɢ 
ɧɟɝɨɜɚɬɚ цɪɜɟɧɚ ɛɨјɚ ɢ ɝɨɥɟɦɚɬɚ ɬɜɪɞɢɧɚ. Аɥɦɚɧɞɢɧɢɬɟ ɨɞ Шɪɢ Ʌɚɧɤɚ ɩɨɧɟɤɨɝɚш ɫɟ 
ɧɚɪɟɤɭɜɚɚɬ Цɟјɥɨɧɫɤɢ ɪɭɛɢɧɢ.  Кɨɝɚ ɤɪɢɫɬɚɥɢɬɟ ɧɚ ɚɥɦɚɧɞɢɧ ɫɟ ɦɚɬɧɢ ɢ ɧɟɦɚɬ ɭɛɚɜɚ 
цɪɜɟɧɚ ɛɨјɚ ɫɟ ɤɨɪɢɫɬɚɬ ɜɨ ɢɧɞɭɫɬɪɢјɚɬɚ. 
Аɥɦɚɧɞɢɧɨɬ ɜɨ ɢɧɞɭɫɬɪɢјɚɬɚ ɫɟ ɤɨɪɢɫɬɢ ɡɚ ɢɡɪɚɛɨɬɤɚ ɧɚ ɚɛɪɚɡɢɜ ɜɨ ɜɢɞ ɧɚ ɩɪɚшɢɧɚ, 
ɚɛɪɚɡɢɜɧɚ ɯɚɪɬɢјɚ ɢ ɞɢɫɤɨɜɢ.  ɇɚјɝɨɥɟɦ ɞɟɥ ɨɞ ɚɛɪɚɡɢɜɧɢɬɟ ɯɚɪɬɢɢ ɫɟ ɧɚɩɪɚɜɟɧɢ ɨɞ 
ɚɥɦɚɧɞɢɧ, ɚ ɦɧɨɝɭ ɦɚɥ ɞɟɥ ɨɞ ɩɢɪɨɩ, ɛɢɞɟјɤɢ ɨɞ ɝɪɚɧɚɬɢɬɟ ɚɥɦɚɧɞɢɧɨɬ ɢɦɚ ɧɚјɝɨɥɟɦɚ 
ɬɜɪɞɢɧɚ ɢ ɟ ɧɚјɪɚɫɩɪɨɫɬɪɚɧɟɬ.  
Иɫɬɨ ɬɚɤɚ ɚɥɦɚɧɞɢɧɨɬ ɦɨɠɟ ɞɚ ɫɟ ɤɨɪɢɫɬɢ ɢ ɡɚ ɮɢɥɬɪɢɪɚњɟ ɧɚ ɡɚɝɚɞɟɧɢ ɜɨɞɢ ɢ ɞɪɭɝɢ 
ɬɟɱɧɨɫɬɢ ɛɢɞɟјɤɢ ɟ ɢɧɟɪɬɟɧ ɢ ɢɦɚ ɪɟɥɚɬɢɜɧɨ ɝɨɥɟɦɚ ɝɭɫɬɢɧɚ. Кɨɝɚ ɟ ɫɩɪɚшɟɧ ɞɨ 0.3 
ɦɦ. ɦɨɠɟ ɞɚ ɫɟ ɤɨɪɢɫɬɢ ɡɚ ɮɢɥɬɪɢɪɚњɟ ɧɚ ɤɨɧɬɚɦɢɧɚɧɬɧɢ ɱɟɫɬɢɱɤɢ ɫɨ ɝɨɥɟɦɢɧɚ ɨɞ 
ɧɟɤɨɥɤɭ ɦɢɤɪɨɧɢ.  
Пɨɝɨɥɟɦɢ ɧɚɨѓɚɥɢшɬɚ ɧɚ ɝɪɚɧɚɬɢ ɢɦɚ ɜɨ САД, Аɜɫɬɪɚɥɢјɚ, Кɢɧɚ, Иɧɞɢјɚ, Кɚɧɚɞɚ, Чɢɥɟ, 
Пɚɤɢɫɬɚɧ, Чɟшɤɚ, Јɭɠɧɚ Аɮɪɢɤɚ, Шɩɚɧɢјɚ, Уɤɪɚɢɧɚ ɢ Ɍɚјɥɚɚɧɞ.  Вɨ 21012 ɝɨɞɢɧɚ 
ɧɚјɝɨɥɟɦ ɩɪɨɢɡɜɨɞɢɬɟɥ ɟ Иɧɞɢјɚ ɫɨ 48% ɨɞ ɫɜɟɬɫɤɨɬɨ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɩɨɬɨɚ ɫɟ Кɢɧɚ 
31%, Аɜɫɬɪɚɥɢјɚ 16%, ɚ ɨɫɬɚɧɚɬɢɬɟ 5% ɫɟ ɜɨ САД ɢ ɞɪɭɝɢɬɟ ɡɟɦјɢ.  
Вɨ 2014 ɝɨɞɢɧɚ Иɧɞɢјɚ ɢɦɚ ɩɪɨɢɡɜɟɞɟɧɨ 800 000, Кɢɧɚ 520 000, Аɜɫɬɪɚɥɢјɚ 260 000, ɚ 
САД 32 200, ɚ ɨɫɬɚɧɚɬɢɬɟ ɡɟɦјɢ 50 000 ɬɨɧɢ. 
Цɟɧɚɬɚ ɧɚ ɝɪɚɧɚɬɫɤɢɨɬ ɤɨɧцɟɧɬɪɚɬ  ɜɨ 2014 ɜɚɪɢɪɚɥɚ ɜɨ шɢɪɨɤɢ ɝɪɚɧɢцɢ ɨɞ 75$ ɞɨ 
210$ ɩɨ ɬɨɧ, ɜɨ ɡɚɜɢɫɧɨɫɬ ɨɞ ɤɜɚɥɢɬɟɬɨɬ, ɩɨɛɚɪɭɜɚɱɤɚɬɚ ɢ ɬɢɩɨɬ ɧɚ ɝɪɚɧɚɬ. ɇɚјɞɨɛɪɢɨɬ  
ɝɪɚɧɚɬɫɤɢ ɤɨɧцɟɧɬɪɚɬ ɦɨɠɟ ɞɚ ɞɨɫɬɢɝɧɟ цɟɧɚ ɢ ɨɞ 200-335$.  
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2. ɁȺɄɅɍɑɈɄ 
 
Вɪɡ ɨɫɧɨɜɚ  ɧɚ ɪɟɡɭɥɬɚɬɢɬɟ ɞɨɛɢɟɧɢ ɫɨ ɨɜɚ ɢɫɬɪɚɠɭɜɚњɟ ɦɨɠɟ ɞɚ ɫɟ ɤɨɧɫɬɚɬɢɪɚ ɞɟɤɚ 
ɢɫɩɢɬɭɜɚɧɢɨɬ ɝɪɚɧɚɬ ɨɞ ɨɤɨɥɢɧɚɬɚ ɧɚ ɫ.  Пɪɢɥɟɩɟц ɟ ɚɥɦɚɧɞɢɧ. Ɍɨј ɫɟ јɚɜɭɜɚ ɜɨ ɫɢɬɧɢ 
ɪɨɛɞɨɞɟɤɚɟɞɚɪɫɤɢ ɤɪɢɫɬɚɥɢ ɫɨ ɝɨɥɟɦɢɧɚ ɞɨ 1 цɦ. Пɨ ɛɨјɚ ɟ ɬɟɦɧɨцɪɜɟɧ ɞɨ 
ɤɚɮɟјɚɜɨцɪɜɟɧ. Сјɚјɧɨɫɬɚ ɦɭ ɟ ɫɬɚɤɥɚɫɬɚ. Оɝɪɟɛɨɬ ɟ ɛɟɥ. Ɍɜɪɞɢɧɚ ɢɦɚ 7-7½. Ƚɭɫɬɢɧɚ 
4.318 Р/ɫm3. Пɨɪɚɞɢ ɝɨɥɟɦɚɬɚ ɬɜɪɞɢɧɚ ɢ ɧɟɪɚɦɧɨɬɨ ɩɪɟɤɪшɭɜɚњɟ ɫɨ ɨɫɬɪɢ ɢɜɢцɢ  
ɦɨɠɟ ɞɚ ɫɟ ɤɨɪɢɫɬɢ ɜɨ ɢɧɞɭɫɬɪɢјɚɬɚ ɤɚɤɨ ɚɛɪɚɡɢɜɧɚ ɩɪɚшɢɧɚ, ɡɚ ɩɟɫɤɚɪɟњɟ, ɡɚ ɜɨɞɟɧɚ 
ɮɢɥɬɪɚцɢјɚ ɤɚɤɨ ɢ ɡɚ ɫɟɱɟњɟ ɫɨ ɦɥɚɡ ɨɞ ɜɨɞɚ. Ɂɚ ɦɨɠɧɚɬɚ ɢɧɞɭɫɬɪɢɫɤɚ ɩɪɢɦɟɧɚ ɧɚ 
ɚɥɦɚɧɞɢɧɨɬ ɨɞ ɨɤɨɥɢɧɚɬɚ ɧɚ ɫ. Пɪɢɥɟɩɟц ɢ ɞɪɭɝɢ ɥɨɤɚɥɢɬɟɬɢ ɜɨ Р. Мɚɤɟɞɨɧɢјɚ ɟ 
ɩɨɬɪɟɛɧɨ ɞɚ ɫɟ ɧɚɩɪɚɜɚɬ ɞɟɬɚɥɧɢ ɝɟɨɥɨшɤɢ ɢ ɦɢɧɟɪɚɥɨшɤɢ ɢɫɩɢɬɭɜɚњɚ.  
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